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Although only a few phosphorus data points throughout the lagoons are available from ‘snap shot’ 

sampling events, all three sampling events from the summer 2008 are plotted in Figure 8.  The snap shot 

monitoring reveals that no significant phosphorus removal occurs within the aerated lagoons. 

 

Figure 8.  Total Phosphorus Monitoring from 2008 

To validate the total phosphorus snap shot results, the total suspended solids (TSS) monitoring results are 

plotted in Figure 9.  The TSS trends in Figure 8 mimic those of total phosphorus in Figure 9, where a 

spike is revealed in Pond D for both plots.  It appears that suspended solids (algae) carry substantial 

amount of phosphorus and impact effluent performance. 
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Figure 9.  Total Suspended Solids (TSS) Monitoring from 2008 

3.3.1.1 Treatment Options to Meet the TMDL 

Analysis of historical wastewater phosphorus and TSS data indicate that limited removal within the 

aerated lagoons poses a challenge in meeting the TMDL requirements with the existing treatment system.  

The City of Logan may consider a variety of strategies to reduce effluent wastewater phosphorus, 

including the following: 

• Filtration with continuous backwash moving bed sand filters with chemical addition (Blue Water 

® Filters with ferric, Parkson Dual Sand with alum). 

• Micro-filtration (MF) using membranes downstream of the lagoons to filter algae and other 

solids. 

• Dissolved air flotation (DAF) downstream of the lagoons to float algae, followed by filtration. 

• Membrane bioreactor (MBR) operating as a constant flow plant in parallel with the existing 

lagoons. 

• Conversion of the existing lagoon to an advanced integrated wastewater pond system. 

• Implementation of an algae wastewater technology (e.g., Algae Wheel) coupled with biofuel 

production. 
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The subsequent sections supply an overview of each aforementioned technology. 

3.3.1.2 Filtration 

Two different filtration approaches are considered to enable the treatment of aerated lagoons effluent by 

way of filtration.  The first is continuous backwash moving bed sand filters with chemical addition.  A  

Blue Water® Filtration pilot unit was tested in August, 2008 at the City of Logan lagoons.  The two week 

pilot yielded results presented in Figure 10.  Despite promising results with total phosphorus averaging 

less than 0.5 mg/L as phosphorus, the pilot was only carried out for two weeks and would require a more 

long-term pilot testing period to validate the process.  Additionally, the amount of ferric chloride used to 

precipitate inorganic phosphates, particles, colloidal material, and algae was not provided along with the 

influent and effluent phosphorus levels to fully evaluate performance.  It is imperative to view the ferric 

dosing to ensure that environmentally relevant doses were used to achieve the reported effluent levels. 

A major operational concern with the use of filters for this application relates to the potential for blinding 

the filters with algae. 

Figure 10.  BlueWater Filter Pilot during August 2008 

The other filtration technology, microfiltration (MF), employs a membrane to separate solids using a 

defined pore size.  The data in Figure 11is based on a 0.05 micron membrane over a six month long pilot 

0

2

4

6

8

10

12

14

16

18

20

Ph
os

ph
or

us
, m

g/
L 

as
 P

Ortho P Inf luent Total P Inf luent Ortho P Ef f luent Total P Ef f luent



DRAFT 

 

36 

 

study that was used to exclude solids primarily comprised of algae leaving an aerated lagoon in 

Washington State.  As with the continuous backwash moving bed sand filters, there is concern over the 

potential for filter blinding with algae.  The MF filter data does not incorporate membrane fouling, 

cleaning, and/or replacement, but it does provide a platform to show the long-term efficacy of algae based 

solids removal by microfiltration. 

 

Figure 11.  Example of Microfiltration Pilot Results on Aerated Lagoon Effluent in 

Washington State 

3.3.1.3 Dissolved Air Flotation Combined with Filtration 

The potential concern over algae blinding of media and membrane filters with treated aerated lagoon 

effluent may be overcome by adding dissolved air flotation (DAF) to the treatment process train.  It is 

well documented that algae is more apt to float rather than settle.  As a result, DAF technology that floats 

algae upstream of filtration would enhance filtration capacity. 

Although DAF would greatly enhance downstream filtration efficacy, it would require supplemental 

solids treatment of the separated algae.  Anaerobic digestion would provide a means to destroy algae, 

which would release micro-nutrients into solution.  The subsequent micro-nutrients could be sequestered 

by side-stream treatment technologies and might provide a valuable soil amendment.  The process would 

also results in methane gas which could be used for power generation. 
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3.3.1.4 Membrane Bioreactor 

Rather than attempting to treat aerated lagoon effluent, the use of a mechanical wastewater treatment 

plant operating in parallel with the aerated lagoons and blended with aeration lagoon effluent offers a 

means to meet the target phosphorus levels in a phased implementation program.  The strength in this 

approach relates to the ability to supply a designated hydraulic flow on the selected technology and 

produce a high quality effluent with very low phosphorus.  There are a multitude of biological systems 

that remove phosphorus, but a membrane bioreactor (MBR) provides a reliable technology to meet 

effluent levels of less than 0.5 mg/L as phosphorus, as well as produce reclaimed effluent suitable for 

reuse in urban irrigation, industrial process water, cooling water, and groundwater recharge.  Furthermore, 

as future discharge permits become more stringent over time, the MBR facility could be expanded to 

ensure the proper blending ratio to meet the future limits by adding additional advanced treatment 

capacity. 

3.3.1.5 Convert the Existing Lagoon to an Advanced Integrated Wastewater Pond System 

Another potential option is to convert the existing lagoon system to an integrated wastewater pond 

system.  Dr. William Oswald and other researchers at the University of California at Berkley pioneered 

the development of an advanced algal pond system called the Advanced Integrated Wastewater Pond 

System (AIWPS).  The AIWPS comprises four separate ponds in series: an enhanced facultative pond, a 

high-rate algal pond, algae settling pond, and a maturation pond.  The AIWPS has been shown to provide 

improved biological treatment and solids digestion in the anaerobic layers and require less land area than 

conventional facultative pond systems (Oswald, 1990). 

The implementation of an AIWPS to the pre-existing aerated lagoon would require the following changes: 

• Increase the depth in the first basin to maintain an anaerobic zone that spurs facultative activity 

with simultaneous BOD removal and solids digestion (20+ day hydraulic detention time). 

• Decrease the depth in the middle basins to a few feet that flow in a elliptical raceway fashion (3 

to 10 day hydraulic detention time).  This component of the strategy exploits solar energy and the 

ability of algae to produce oxygen.  The generated oxygen promotes BOD removal and 

nitrification. 

An algae settling pond with a 1 to 2 day hydraulic detention time in cells 4 and 5 can remove 50 to 80 

percent of the algae in the effluent from a paddle wheel-mixed high rate algal pond (HRAP).  Paddle-

wheel mixing in the HRAP appears to improve the settling characteristics of the micro-algae grown in the 

HRAP (Greene, 1996). 
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The maturation pond in the AIWPS typically functions as a storage reservoir for irrigation or other form 

of wastewater reuse.  The significant die-off of bacteria that occurs in the maturation pond over a 10 day 

or more hydraulic retention time provides disinfection without the use of chemicals (Oswald, 1990). 

Evaluation of AIWPS for Cutler Reservoir would require a detailed evaluation of hydraulic detention 

time, as well as the required movement of earth fill within the existing aerated lagoon. 

3.3.1.6 Algae based Wastewater Treatment Combined with Biofuel Production 

There are several algae based wastewater treatment technologies, such as Algal Turf Scrubbers (ATS).  

The ATS is an attached algae system comprising a sloped horizontal area with an impermeable liner 

topped by a mesh media that serves as a point of attachment for algae, with concrete influent distribution 

and effluent collection channels.  Influent is distributed evenly across the width of the ATS basin, 

typically in a pulsed feed fashion; flows at a depth of one to two inches across the mesh media; and is 

collected in the effluent channel.  Nitrogen and phosphorus are removed from the flow by the growing 

algae mat.  Algae is harvested on a periodic basis by suspending the flow of water to the ATS, allowing 

the mat to dry for a day or more, and mechanically harvesting via scraping or vacuuming the algae. 

The algae used to treat the wastewater can be subsequently used to produce biofuels.  Key findings on 

biofuel production are summarized as follows: 

Algae-based fuels are not yet cost-competitive with fossil fuels or other biofuels such as plant-based 

ethanol or biodiesel.  Cost-effective algae cultivation and harvesting is the major obstacle that needs to be 

overcome to narrow the significant cost disadvantage of algae fuels. 

Coupling algal-based wastewater treatment and biofuel production is a topic of special interest.  However, 

wastewater-derived algae typically have much lower lipids content than algae cultivated specifically for 

biofuel production, making wastewater-derived algae less attractive as a raw material for fuel production.  

Harvesting also remains an obstacle, as the use of chemical flocculants used for state-of-the-art algae 

removal in wastewater applications has a negative impact on the lipids extraction and subsequent 

processing employed for biofuel production. 

3.3.1.7 Next Steps in Wastewater Analysis 

The City of Logan is working to define which treatment technologies are of interest to pursue further in a 

detailed analysis.  Once selected, a detailed feasibility study that includes an assessment of capital, and 

operation and maintenance costs, will be carried out. 

Implementation of the required phosphorus reductions to Cutler Reservoir will require that the City of 

Logan prepare a detailed phosphorus management plan.  Phosphorus reduction may be accomplished by 
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reduction in influent wastewater loadings, advanced wastewater treatment, effluent management which 

diverts loadings away from Cutler Reservoir, and/or water quality offsets accomplished by reduction in 

other areas of the watershed. 

A City of Logan phosphorus management plan will summarize the planned activities into a concept plan 

or strategy for City management of phosphorus loadings to Cutler Reservoir.  Projects will be identified 

along with project phasing and a proposed schedule.  Costs will be estimated for individual project efforts 

and cost effectiveness will be analyzed in terms of dollars per pound of phosphorus removed. 

The City of Logan’s wastewater master plan will need to be updated to match the approach developed in 

the adaptive management plan for the TMDL and the City of Logan’s phosphorus management plan.  

Although the phosphorus management plan will include detailed information about the City of Logan’s 

wastewater treatment facilities, the focus will be primarily on phosphorus management.  The wastewater 

master plan will build upon the City of Logan’s 2006 facility plan where possible and will add the details 

necessary to implement a complete wastewater program. 

The selected wastewater improvements developed in the wastewater master plan will be implemented as 

conventional public works projects with the principal steps as follows: 

• Preliminary design 
• Detailed design 
• Construction 
• Start-up and operations 

 
Proposed treatment technology evaluation and pilot studies to support the TMDL implementation include: 

Activity:  Treatment technology evaluation and wastewater treatment improvements to meet the future 
phosphorus TMDL 
Cost Estimate:  $200,000 to $700,000 
Schedule:  2009 through 2012 
Lead Agencies: City of Logan with State of Utah funding 
 
3.3.2 Wetlands Efficiency Monitoring 

A wide range of physical, chemical and biological processes contribute to removal of nutrients and other 

constituents from water in wetlands.  These processes include sedimentation, plant uptake, chemical 

adsorption and precipitation in wetland soils, and volatilization (DeBusk, 1999).  The City’s existing 

wetlands operation may be enhanced to improve phosphorus removal and the configuration of the system 

provides an opportunity for winter storage of treated effluent.  Further, the Cutler Reservoir watershed 

provides the potential opportunities for the development or restoration of other wetlands. 
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3.3.2.1 Wetland Treatment Alternatives 

There are two basic types of constructed wetlands, subsurface flow (SSF) and surface flow (SF).  In 

subsurface flow wetlands, water is treated by passing flow vertically or horizontally through permeable 

soil-like media that is populated by wetland plants.  An impervious liner beneath the media prevents 

seepage to the groundwater. 

In contrast surface flow wetland water flows primarily above the soil media.  A surface wetland also has a 

low permeability barrier material beneath the soil to prevent seepage.  Surface wetlands are generally 

constructed in long, narrow channels to simulate plug flow conditions.  Both SSF and SF wetlands have 

an inlet device, wetland basin, wetland plants and an outlet device. 

SSF flow wetlands are believed to provide better waste treatment because they have an increased 

presence of attached growth microbes compared to SF wetlands.  However, SSF wetlands are more 

expensive to construct and to maintain compared to surface flow type wetlands because more media is 

required and clogged media must be replaced.  Due to the greater management requirements of a SSF 

wetland, SF wetlands are more common for treatment of municipal wastewater. 

3.3.2.2 Hydrology 

Water depth in a SF wetland generally ranges from 0.5 to 2 feet.  However, operating depth should be 

adjusted to optimize plant growth while maintaining treatment objectives.  If open water areas are desired, 

a depth of 3 feet or more in these zones will prevent growth of emergent vegetation.  Wetland outlet 

structures must allow control of water depth from zero to the maximum design depth. 

Bed depth in a subsurface flow wetland should range between 1 and 3 feet, but should generally be about 

2 feet.  Bed depth should allow for maximum root growth for the wetland plants.  However, anticipated 

flows must pass through the bed without overland flow or flooding and without stranding the plants above 

the water (no excessive head space).  Maximum and minimum flows should be considered in design. 

Flow must be distributed evenly across the wetland in order to optimize treatment and promote complete 

coverage of wetland plants.  Even flow distribution must be assured throughout the life of the wetland, 

which may require the ability to adjust for irregularities made during construction.  If a distribution 

header is used, it should be equipped with individual flow controls along the header (or an influent swale 

or deep zone immediately following the header) and removable end plates for cleaning. 

In order to assure even flow distribution, to prevent channelization in the surface flow wetland and to 

enhance nitrification, it may be desirable to include deep water zones perpendicular to the flow.  These 

deep zones help redistribute the flow evenly across the wetlands at intermediate points and promote re-

aeration and nitrification (conversion of ammonia to nitrate).  Deep zones should be included in wetlands 
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and may include diffusers or mechanical aerators to further enhance nitrification.  The deep zones also 

provide for wildlife habitat.  As mentioned above, the deep zones must be deep enough (at least 3 feet) to 

prevent the growth of emergent vegetation and should cover no more than 30% of the wetland area.  It 

should be noted that algae may propagate in the deep zones.  Therefore, it may not be appropriate to 

incorporate a deep zone at the terminal end of the wetland if Total Suspended Solids (TSS) is a parameter 

of concern in the effluent.  Constructability of the deep zones may warrant slopes flatter than 3H:1V. 

3.3.2.3 Monitoring  

Monitoring is important to assure the continued health of the wetland, to determine its treatment 

efficiency, and to provide a base of information for future design parameter modifications.  Sampling 

frequency should be sufficient to reflect changes in flow, loading, temperature, wetland growth or other 

conditions that might affect the performance of the wetland.  Sufficient sampling must be provided so that 

the performance of the wetland can be determined.  Therefore, influent and effluent samples and flow 

measurements should be taken for the wetland.  Table 5 lists the minimum parameters, locations and 

frequency of an adequate sampling and monitoring program. 

Table 5.  Recommended Parameters for Monitoring of Wetlands 

Parameters Locations Frequency 

BOD, TSS, NH4, NO2+NO3, 
TKN, TP, P, Temperature, 

DO 

Inflow & Outflow* Monthly 

Flow Inflow or Outflow Monthly or Weekly** 
Water Level In Wetland Monthly 
Plant Cover In Wetland Quarterly 
Ice Cover In Wetland Monthly 

*Effluent sampling should be conducted for each treatment train. 
**If flow is continuous and relatively constant, monthly flow measurement could 
be adequate.  Flow for each treatment train must be measured. 
BOD = Biological Oxygen Demand; TSS = Total Suspended Solids; NH4 = 
Ammonia-N; NO2+NO3= nitrite and nitrate; TKN= Total Kjeldahl Nitrogen; TP 
= Total Phosphorus; DO = Dissolved Oxygen 

 

The City of Logan will continue to monitor the efficiency of the existing wetlands.  Based on the results 

of the data evaluations, the monitoring program may be updated as necessary.  Additionally based on the 

review, operational or other options may be considered for cost effectiveness and coordination with other 

selected activities. 

The potential development or restoration of other wetlands in the watershed for phosphorus reduction will 

be led by Rocky Mountain Power and Bridgerland Audubon Society. 
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Proposed wetlands efficiency review activities to support the TMDL implementation include: 

Activity:  Review wetlands efficiency and update monitoring as necessary 
Cost Estimate:  $50,000 to $100,000 
Schedule:  2009 through 2019 
Lead Agencies:  Rocky Mountain Power and Bridgerland Audubon Society with City of Logan and DEQ 
 
3.3.3 Land Application to Local Agricultural Fields 

Land application is a proven method of wastewater recycling.  The existing system is shown in Figure 12.  

Improved irrigation efficiency can alleviate water quality problems.  Reduced conveyance seepage losses 

will result in less salt accumulation during subsurface transport.  Reduced tailwater runoff (return flows) 

from irrigated fields will result in less soil erosion and less adsorbed phosphate fertilizer and insecticides 

being transported to downstream water bodies such as Cutler Reservoir.  Land application can be 

effective when the water is applied at agronomic rates.  This prevents saturation of the soils and potential 

infiltration to the groundwater.  Phosphorus can also be tracked from the load applied to the amount taken 

up by the plants. 

The most common crops in the area include irrigated pasture, hay, alfalfa, and corn, all of which are used 

locally to feed livestock.  Farmers near the wastewater lagoons to divert wastewater flows for land 

application to nearby fields.  The Logan Cow Pasture Water Company has a water right to use about 12 

mgd of the City of Logan effluent for irrigation during the summer and an additional 3 mgd of the City of 

Logan effluent is used for wetland and wildlife habitat.  However, neither the flows nor phosphorus 

loadings have been measured and tracked to provide the basis for phosphorus contributions or removal 

from surface water. 

In terms of BMPs, there should not be any tailwater flow or overland flow from the fields into the 

surrounding surface waters.  However, the application rate of water for flood irrigation is not monitored 

and the potential exists for soil saturation and movement into the groundwater.  Improving this situation 

means monitoring the flow and tracking the phosphorus loads to understand the potential reduction in 

loading. 

Modifying the irrigation from flood irrigation to sprinkler irrigation may provide an easier means to 

monitor the applied flow rates and minimize saturation of the soils with water as an enhanced 

phosphorous management approach.  Conversion to sprinkler irrigation would allow for the more efficient 

management of water.  The Wyoming State Water Plan estimates 33% irrigation efficiency with canal 

diversion irrigation in the Bear River watershed.  This means as much as 67% of the water diverted for 

irrigation is returned to the surface or groundwater.  Many on-farm application technologies exist which 
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have the potential to improve irrigation application efficiency.  For example, pressurized irrigation can be 

employed, such as sprinkle irrigation (designed for 80 percent irrigation application efficiency) or trickle 

(drip) irrigation (designed for 95 percent application efficiency) 

(http://waterplan.state.wy.us/plan/bear/techmemos/diversions/francislee.html). 
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Figure 12.  Existing Effluent Distribution System, Wetlands, and Agricultural Reuse Areas  
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Proposed activities related to the land application to local agricultural fields include: 

Activity:  Update and improve monitoring and control of land application of wastewater 
Cost Estimate:  $50,000 to $100,000 
Schedule:  2010 through 2011 
Lead Agencies:  City of Logan, State of Utah, NRCS, USU 
 
3.3.4 Irrigation of Dry Land Farming 

Irrigating additional land with wastewater would further reduce the phosphorus loading to the wetlands 

and Swift Slough.  There appear to be opportunities south of the Logan River where conveyance systems 

are in place and agricultural production is greater than in the vicinity of the lagoons.  Negotiations with 

the farmers would be necessary to determine the potential quantity of flows that could be diverted.  There 

are multiple additional challenges including water rights, summer versus winter, and storage.  Water right 

issues would need to be reviewed due to the movement of water throughout the valley.  Land application 

opportunities tend to only assist with the reduction of the summer loads and provide little or no reduction 

opportunities in the winter.  Additional storage would likely be necessary to balance the wastewater flow 

with the irrigation demand flow.  Soil conditions, types of crops to be grown, and land areas would need 

to be investigated to calculate the flows that could be accepted and then estimate the potential phosphorus 

loading. 

A potential pilot study could be performed using a field that has center pivot or gravity drip irrigation 

with water pumped from ground water by switching the source of water to the wastewater treatment 

effluent.  A similar amount of water will likely be used, but the goal of the study would be to asses the 

cost reduction from applying less fertilizer to the cost of using treatment plant effluent. 

Proposed irrigation of dry land farms with additional land application activities to support the TMDL 

implementation include: 

Activity:  Consider additional land application opportunities 
Cost Estimate:  $10,000 to $15,000 
Schedule:  2015 to 2017 
Lead Agencies:  City of Logan 
 
3.3.5 Reuse Opportunities 

Opportunities to divert wastewater to industrial users, golf courses, parks, and other reuse options will be 

investigated.  Diverting flows to reclaimed water reuse options will reduce the amount of treated effluent  

and phosphorus discharged to Swift Slough.  Challenges associated with advanced treatment for 

reclaimed water reuse include the expense of additional treatment to meet reuse water quality standards 

(effluent filtration) and the distribution system infrastructure to move the water to the location(s) of reuse 
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customers (purple pipe system).   Fortunately, there is an overlap between the advanced treatment 

requirements for low phosphorus effluent and the requirements for reclaimed water.  Treatment 

technologies for low phosphorus effluent with chemical addition and effluent filtration (media filtration, 

membranes) meet the requirements for the least restrictive reuse of reclaimed water for irrigation in areas 

with public access such as parks, medians, golf courses, etc.   An additional challenge for reclaimed water 

reuse in Logan is that there are generally sufficient existing supplies of inexpensive water of sufficient 

quantity and quality to meet existing demands without the expense of a reclaimed water distribution 

system to pump reclaimed water back up the valley.  Therefore, reuse opportunities may be part of the 

longer-term strategy but will require upfront studies to understand the potential for use of significant 

quantities that would benefit phosphorus management. 

Treatment technologies for low effluent phosphorus include chemical precipitants and advanced filtration.  

The treatment processes for phosphorus will need to meet the regulatory requirements for Class A 

reclaimed water production.  Class A reclaimed water can be used with few restrictions as a substitute for 

non-potable water uses such as urban irrigation, cooling water, etc. 

Proposed reuse activities to support the TMDL implementation include: 

Activity:  Consider reuse opportunities 
Cost Estimate:  $10,000 to $15,000 
Schedule:  2015 to 2017 
Lead Agencies: City of Logan 
 

4 Schedule and Estimate Costs 

The schedule for the Logan adaptive management plan is shown in Figure 1 with the targeted timing and 

duration of activities.  Preliminary cost estimates for the activities will be refined as the activities are 

scoped and initiated. 

4.1 Funding Opportunities 

Financial and technical assistance is needed to ensure success of this adaptive management plan.  There 

are many potential sources for funding that will be actively pursued by the City of Logan to implement 

water quality improvements.  These sources include, but are not limited to the following: 

• State Revolving Fund.  SRF funds administered by DEQ are used to fund wastewater treatment 

and water quality improvement projects. 

• CWA 319 projects refer to section 319 of the Clean Water Act.  These are Environmental 

Protection Agency funds that are allocated to states.  The DEQ has primacy to administer the 
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Clean Water Act §319 Non-Point Source Management Program.  Funds focus on projects to 

improve water quality and are usually related nonpoint sources. 

• Natural Resources Conservation Service (NRCS):  NRCS funding is used to implement 

agricultural and conservation activities and can be targeted on water quality improvements. 

• Conservation Reserve Program (CRP): CRP is a land retirement program for blocks of land or 

strips of land that protect the soil and water resources, such as buffers and grassed waterways 

http://www.nrcs.usda.gov/programs/crp/. 

5 Measuring Progress 

Monitoring and evaluation will occur throughout the TMDL implementation period and will be conducted 

in accordance with an adopted Quality Assurance Project Plan (QAPP).  Monitoring will address both 

water quality within Cutler Reservoir and the effectiveness of management actions and BMPs. 

TMDL effectiveness monitoring indicates whether or not phosphorus levels are decreasing in response to 

management efforts.  This is accomplished in two ways: 1) by directly measuring the reduction of 

phosphorus from individual sources and 2) by indirectly measuring the success by monitoring water 

quality in Cutler Reservoir.  The City of Logan will measure the effectiveness of activities within this 

adaptive management plan while DEQ and stakeholders will conduct effectiveness monitoring to 

determine whether the TMDL is working. 

5.1 Water Quality Effectiveness Monitoring Plan 

A water quality effectiveness monitoring plan will be established with the TMDL implementation plan.  

This plan will incorporate the wastewater water quality and flow monitoring activities described in detail 

above for the City of Logan. 

Water quality management activities and structural BMP monitoring should be chosen based upon what 

makes the most sense for the area given practical considerations.  BMPs may be monitored directly by 

measuring inflow concentrations and comparing that to outflow concentrations.  This is time consuming 

and resource intensive.  An indirect measurement may be used by monitoring entire tributaries, such as 

Swift Slough, but that would measure potentially the results of many management activities.  An even 

more indirect measurement will be provided by the continued monitoring of Cutler Reservoir. 

5.2 Performance Measures and Targets 

Performance measures, as used in this document, indicate the City’s success at implementing actions 

known to improve watershed and Cutler Reservoir health.  Performance measures do not measure the 
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impact of specific projects on the environment; rather, they measure whether the City has accomplished 

specified actions.  For example, the enhancement wetland areas is known to improve nutrient removal 

effectiveness but a performance measure, as used here, may be how many acres of wetlands enhancement 

were accomplished, not the change in the effluent stream concentrations. 

Performance measures allow the City to report on water quality progress annually.  The long-term success 

of actions implemented to directly improve water quality conditions will be measured with environmental 

measures.  Environmental measures, as used in this document, are the quantities evaluated through 

monitoring to reveal changes to environmental conditions. 

Potential performance measures may be based on three basic types of criteria: 

• Valid 
o Relevant: to goals of the plan, or to your assessment questions 
o Appropriate scale: representative of entire region (or tributary watersheds) over an 

appropriate time scale 
o Sensitive/Responsive: natural variability can be reasonably explained; quickly reflects 

changes in the watershed 
• Understandable 

o Meaningful: interpretable and meaningful to local resource managers, residents, and 
political representatives 

o Trend: demonstrates or will demonstrate a trend (increase, decrease, or stable) from a 
reference condition 

o Measurable: it is easy to measure and calculate periodically and therefore replicable 
o Goal: periodic assessment can be compared against an established quantifiable goal 

(reference condition) 
• Available 

o Supported: supporting data is long-term monitoring, immediately usable, and likely to 
continue 

o Data quality: supporting data quality is acceptable 
o Cost-effective: dataholder or other entity partially or fully provides data aggregation, 

analyzing, and modeling of datasets 
 
Examples of some performance measures are linear feet of riparian buffer, number of wastewater 

treatment system improvements, number of public education outreach meetings that occurred, or number 

of septic tank users that have been provided sewer service. 

5.3 Progress Tracking Database 

The project tracking database tool described above as activity SPR-6 will be designed to provide a 

management tool for the watershed.  Watershed managers face a broad group of challenges in 

orchestrating restoration projects with numerous stakeholders, overlapping regulatory authorities, 

multiple pollutants, and varied funding sources.  Sustaining the effort over a multi-year period adds to 

these challenges.  Prioritization of the most effective best management practices and phosphorus 
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reduction projects is essential for a successful, long-term effort.  Decision support systems which aid 

managers in tracking the implementation of water quality projects and BMPs provides a foundation for 

long-term watershed management.  These systems provide the watershed manager with tools to track 

progress and prioritize efforts on those actions that are found to be most effective in restoring water 

quality. Systematic tracking of water quality improvement efforts provides a means for overall program 

management. 

6 Adaptive Management 

As part of this TMDL, DEQ and the City of Logan agree to use an adaptive management approach that 

will assure that the efforts to meet the WLA for the City are undertaken in the most efficient and effective 

manner.  The adaptive management approach includes, but is not limited to, data collection, analyses, and 

pilot programs to: validate the proposed wasteload allocation specified in this TMDL, compare measured 

changes in water quality to actual changes in water quality, make recommendations to change the 

proposed wasteload allocations (if supported by the additional data collection and analyses) and 

determine the most effective ways to comply with water quality standards based on pilot program results. 

DEQ and the City of Logan believe that the proposed adaptive management approach will be 

scientifically defensible and provide the greatest level of protection of the resources.  As indicated, the 

City of Logan anticipates implementing early actions to start the adaptive management approach as 

shown in the schedule.  The City of Logan expects that this will provide empirical data that will allow for 

prudent decisions in the subsequent phases of the adaptive management plan.  The City of Logan will 

work to monitor progress towards these goals, evaluate successes, obstacles, and changing needs, and 

make adjustments to the cleanup strategy as needed.  If necessary, DEQ and the City of Logan will 

change the scheduled activities in later phases based on the data collected in this early phase. 

7 Reasonable Assurance 

For the Middle Bear River and Cutler Reservoir TMDLs (DEQ, 2009), both point and nonpoint sources 

contribute to the phosphorus load.  TMDLs (and related action plans) must show “reasonable assurance” 

that contributions from these sources will be reduced to the allocated amounts. 

The goal of this TMDL is to set targets and provide a strategy to meet the state’s water quality standards 

for dissolved oxygen in Cutler Reservoir.  The TMDL establishes reductions of a particular pollutant are 

allocated among the pollutant sources (both point and nonpoint) in the water body.  Education, outreach, 

technical and financial assistance, permit administration, and enforcement will all be used to ensure that 

the goals of this TMDL are met. 
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The City of Logan will undertake activities in this adaptive management plan to reduce the phosphorus 

contribution identified as the WLA for the City of Logan.  DEQ and the City of Logan agree that these 

adaptive management activities are intended to support this TMDL and add to the assurance that 

dissolved oxygen in Cutler Reservoir will meet conditions under current Utah water quality standards.  

DEQ and the City will also support, continue, and maintain implemented activities that are demonstrated 

to reduced and/or limit the phosphorus loading to Cutler Reservoir. 

The following rationale provides reasonable assurance that the activities proposed by the City of Logan 

will lead to meeting the WLA for the City identified in the TMDL goals. 

• The City of Logan has conducted education activities in schools, within the community and at 

other events and will continue public education and outreach programs. 

• Technical assistance is available from various organizations in the watershed and national 

experts.  The City of Logan has utilized this technical assistance and will continue to look for 

opportunities where this assistance can be helpful in meeting these adaptive management plan 

goals. 

• Local, regional, State, and Federal agencies have various programs to provide financial assistance 

to promote TMDL related activities.  The City of Logan will look for these opportunities to fund 

adaptive management activities. 

• DEQ, the City of Logan and others monitor flow and water quality in the watershed.  These 

groups commit to maintaining this monitoring, reviewing the data, and modifying the monitoring 

program as necessary. 

• The City of Logan is committed to a phased adaptive management approach that is protective of 

water quality and the financial resources of the community, with appropriate investments in 

activities that will lead to the long term water quality improvement of Cutler Reservoir. 

DEQ is authorized to impose strict requirements or issue enforcement actions to achieve compliance with 

state water quality standards.  However, it is the goal of all participants in the TMDL process to achieve 

clean water through cooperation and implementation of this adaptive management plan. 

8 Summary of Public Involvement 

The City of Logan will follow existing policies for public announcements and involvement in adaptive 

management activities.  For activities with funding from sources other than the City of Logan and/or that 

other agencies lead, the policies and requirements for those agencies will be followed regarding public 

announcements and involvement. 
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